The technique of supported liquid membranes was used to achieve the facilitated transport of Cr(III) ions, using tow amphiphilic carriers, the methyl cholate and resorcinarene. For prepared SLMs, toluene as organic phase and film of polyvinylidene difluoride, as hydrophobic polymer support with 100 μm in thickness and 0.45 μm as the diameter of the pores. The macroscopic parameters (P and J 0 ) on the transport of these ions were determined for different medium temperatures. For these different environments, the prepared SLMs were highly permeable and a clear evolution of these parameters was observed. The parameter J 0 depended on the temperature according to the Arrhenius equation ). These studies show that these parameters K ass and D * are specific to facilitated transport of Cr(III) ions by each of the carriers and they are changing significantly with temperature.
Introduction
Currently, different membrane types are used for many industrial applications, to recover or separate the constituents of a mixture, or to selectively control the exchange of material between different media. The use of membrane technology has in recent years a rapid growth, particularly because of the increasing application areas. This development should be increased because of the good performance offered by membrane processes and due to the emerging needs of environmental protection (effluent treatment, clean processes…). Meanwhile, these different applications, research increasingly pushed to better understand the functioning of these membrane processes, create more efficient or more specific, and develop new methods to access new applications [1] [2] [3] [4] [5] [6] .
Today, it is necessary and certainly required to develop highly selective systems that are essential to consider the realization of separations and recoveries of metal ions very harmful to the environment from complex aqueous mixtures. For this purpose, the liquid-liquid separation technique is first widely used, with more or less suitable agents, for the recovery of metal ions from complex and loaded aqueous media. This technique involves the use of complexing agents and large amounts of organic solvents which are often expensive and toxic. It includes an extracting step by phase transfer, followed by back extraction step, two steps are enough consumers of organic solvents, particularly when volatile solvents. A stylish alternative to liquid-liquid extraction is the development of artificial membrane systems that mimic the process of facilitated transport across bio-membranes (by mobile carriers and more by ion channels).
Liquid membranes incorporating specific complexing agents are artificial systems of choice for the treatment of liquid media charged with metal ions. Of these membranes, supported liquid membranes (SLM)s are the most frequently used systems for these applications; these systems are developed from an inert polymer support. Indeed, the organic solution containing a specific complexing molecule is often incorporated by impregnation of this polymer support. Polypropylene is the most widely used polymer support due to its high porosity, which generates the best metal ions flux through the prepared SLMs. The supported liquid membrane process, have several advantages compared to liquid-liquid extraction. There are much less consumers of organic solvents, which is an important criterion in respect of the environmental protection constraints and containment of toxic releases. These processes enable continuous operation in one step, since the two steps of extraction and stripping are so coupled to the two interfaces. Indeed, the membranes are thin films that separate two fluids; an essential property of membranes is their permeability , the ability to allow passage of only certain species from one medium to another, while acting as a barrier to other species. For this work, we try to develop a simple and effective technique for extracting Cr(III) ions from acidic media. This technique is based on a series of works performed on different membrane transport phenomena, such as facilitated transport of metal ions or organic molecules across membranes, using suitable agent carriers.
  P Our work will be limited to the supported liquid membrane (SLM)s, made of a polymer film, inert, microporous polyvinylidene difluoride (PVDF), a thickness of 100 µm and 69% porosity with pores of 0.45 µm in diameter, containing one of the following amphiphilic carriers: Methyl Cholate or Resorcinarene (Figure 1) , soluble in toluene phase [7] [8] [9] [10] . A kinetic model as well as a transport mechanism has been developed and tested for the facilitated transport of Cr(III) ions from different solutions. The macroscopic parameters, permeabilities P and initial fluxes J 0 are determined and related to microscopic parameters, association constant K ass , and apparent diffusion coefficient D * , relating to the stability of the complex (Carrier-Substrate) formed at the membrane interface, and its diffusion through the (SLM)s organic phase. Detailed studies on the influence of temperature are performed; the results clearly show that these macroscopic and microscopic parameters vary depending on the medium temperature. An increase in temperature allows obtaining larger, permeabilities, initial fluxes and apparent diffusion coefficients, therefore, highly permeable membranes with a more efficient extraction of trans- ported substrate, and low stability complexes with small values for the association constants (Carrier-Substrate). These results are important and will determine the movement nature of Cr(III) ions through SLM organic phase and explain the high permeability of such membranes for facilitated transport of these metal ions.
Description and Operating Principle of the (SLM)s
The supported liquid membranes (SLM)s, is made of an organic solvent, immobilized by capillary forces in the pores of a micro porous support, separating the source phase to receiving phase. The support of these membranes is generally an hydrophobic microporous inert polymer, which is characterized by a low thickness of about 25 to 100 µm and pore diameter from 0.12 to 1 µm [11, 12] . Since the chemical species passage through this membranes type is an interfacial phenomenon, the use of a support with high porosity is necessary to increase the contact area and the selectivity to the passage of species, and therefore able to ensure the best transport and separation conditions through these membranes (SLM)s [13] .
To improve the separation process, the researchers added to the SLM organic phase, mobile carriers to accelerate and facilitate the transport of species, while increasing the selectivity of the membranes [5, 14] . The SLM technique is an approach widely used for the extraction and enrichment of metal ions and organic compounds [15] [16] [17] . Indeed, this technique has been used to study the transport and apply it to the selective extraction and enrichment of varied organic compounds, such as amino acids [18, 19] , the aromatic aminophosphates [20] , sugars [21] [22] [23] , herbicides [24, 25] and some organic acids [26, 27] . This method which is called facilitated transport through supported liquid membranes is based on the recognition 
Experimental and Theoretical Models

Transport Cell
The transport experiments were performed in the cell represented by the diagram in Figure 2 . This cell consists of two glass compartments, with a volume of 175 ml each, separated by the micro porous membrane   M .
The cell is immersed in a thermostatic bath   TB . A multistirrer   MS ensures the agitation of the two compartment solutions.
Determination of the Macroscopic
Parameters: Permeability P and Flux J The membrane is placed between two compartments of the cell, a known volume of the substrate S solution with an initial concentration C 0 , is introduced into the source compartment and placing the same water volume in the receiving phase compartment. We made several samples in the receiving phase in known time intervals. C r is the substrate concentration in the receiving phase at time t, the concentration of substrate in the source phase at this time is C s = C 0 − C r . The equation that relates the flux J to C r concentration of substrate S is given by the relationship:
S the membrane surface in contact with the source phase solution, V the receiving phase volume. For a quasi-static state, the flux is related to the difference in concentrations of the two compartments ∆C = C s − C r . by Fick's first law:
P membrane permeability and l is the membrane thickness.
Since C s = C 0 − C r , so
The combination of Equations (1)- (3), can find the following relationship:
After integration:
This equation shows that after an induction period   L t , which can reach several hours, the term   
, calculates the permeability P according to Equation (6).
The initial flux J 0 can be calculated from the permeability P by the following equation:
The final state of the manipulation is a dynamic equilibrium established between the two compartments with 0 2 s r C C C   and equal diffusion rates in two opposite directions.
Modelling and Calculations of Microscopic
Parameters K ass and D
*
The facilitated transport of substrate S depends on the formation and dissociation of the substrate-carrier complex   TS at the membrane-solution interfaces. The carrier T is insoluble in the aqueous phase while the substrate S is not soluble in the membrane organic phase. The complexation equilibrium in heterogeneous phases is written: 
K ass is the association constant on the formation of the complex , this heterogeneous equilibrium constant is related to the complexation reaction at the interface membrane-feed phase. 
 
S
During the migration of complex through the SLM organic phase (rate-determining step), the flux J is determined by Equation (9), derived from Fick's first law, which assumes that the complex concentration is practically zero at the membrane-receiving phase interface (dissociation of complex).
D * is the apparent diffusion coefficient and l is the membrane thickness. However, at the membrane-source 
Since, in the initial conditions operating with an excess of substrate relative to the carrier, and at the interface (9) and (11) according to the following terms:
This expression is used to calculate the permeability P as a function   0 T , C 0 concentrations, and K ass association constant.
We find that the macroscopic parameters P and J 0 are proportional to the substrate initial concentration C 0 , and have a Michaelis-Menten evolution, since for high substrate concentrations both parameters tend to limit values.
To determine the microscopic parameters D * and K ass , we use the method of Lineweaver-Burk to linearize the expression of Equation (12) according to Equation (14) and draw the right
with:
Determination of Activation Parameters
As the flux J of the substrate S through the SLM, is related to the change in the source phase C r concentration Equation (1), this parameter varies with temperature according to the Arrhenius relationship Equation (16) [28] [29] [30] :
R is the gas constant (8.314 J·mol
). A j a constant (preexponential factor) whose value is proportional to the number of favourable interaction faces between the substrate and carrier, and Ea is the transition state activation energy on the formation-dissociation reaction of complex
 
ST at the membrane interfaces and in the SLM organic phase.
After linearization we have:
From the slope of the line
, we determine the Ea value. On the other hand, it is known from the activated complex theory [31, 32] ), that Ea is related to the activation enthalpy  #  H  by the relation:
while the activation entropy , is related to A j constant by the equation:
Experimental Section
All chemicals reagents and solvents used were pure commercial products of analytical grade (Aldrich, Fluka, Redel-Dehaene [2, 4, 24] , it is placed between two compartments of the transport cell (Figure 2) , in the feed phase, the Cr(III) ions solution with known C 0 concentration, at pH = 1, 2 or 3 and in the receiving phase KNO 3 solution at pH = 6. Both phases are subject to the same agitation and the kinetic monitoring of Cr(III) ions transport occurs through regular withdrawals from the receiving phase in known time intervals. These samples were analyzed by UV-Visible spectrophotometer (λ max = 215 nm). C r concentrations of Cr(III) ions in the receiving phase are calculated, and the evolution of the term versus time was studied. Table 1 represents an example of results on the Cr(III) ions transport from a source phase of pH = 2 (pH is adjusted with nitric acid). The slopes calculated from these lines, according to the SLM to the transported substrate (Cr(III) ions), for Equation (6) , allow determining the permeabilities P of the different studied solutions, while the Cr(III) ions initial flux J 0 through this SLM are calculated using Equation (7). Studies conducted for the facilitated transport of Cr(III) ions, to the three acidity pH = 1, 2 and 3, were used to determine the results grouped in Table 2 . These results clearly show that the permeability parameter P of the SLM varies inversely with the Cr(III) ions concentration, and an increase in substrate concentration causes a decrease in this parameter. However, the Cr(III) ions initial flux J 0 through SLM increases with the C 0 concentration of the substrate in feed phase [23, 24] . To verify the proposed mechanism for the facilitated transport of Cr(III) ions, and to determine the parameters K ass and D * , according to the Lineweaver-Burk method we have drawn the lines
, provided by Equation (14) . For the three studied acidity, the obtained straight segments are represented by the graph in Figure  4 .
The linearity of the functions (Figure 4) , clearly indicates that the proposed mechanism is verified, the interaction Substrate-Carrier allows the formation of a complex   ST with the   1 1 composition, in the SLM organic phase, and the migration of this complex through this phase is the rate-determining step of the mechanism for Cr(III) ions facilitated transport.
From these line segments (Figure 4) , slopes   p and intercepts   OO were calculated and using the expressions of Equation (15), the apparent coefficients D * and the association constants K ass were determined. The obtained results summarized in Table 3 , show that these microscopic parameters D * and K ass vary with the medium acidity, the formed complex is of low stability, while its diffusion through the SLM organic phase is important, and the apparent coefficient D * varies inversely with the association constant K ass .
 
ST
Various studies show that the characteristics nature and structure of the carrier are two important and decisive factors for the facilitated transport of metal ions and organic molecules through the (SLM)s [6, 23, 24, 33, 34) ]. To complement our results, and examine the influence of the carrier nature, we conducted the same experiments under the same conditions with a new SLM containing Resorcinarene as carrier. The kinetic model and the mechanism for the facilitated transport of Cr(III) ions have been verified. The permeabilities and initial fluxes on the facilitated transport of these ions by this new SLM have been determined and are summarized in Table 4 . These results confirm that the macroscopic parameters J 0 and P depend on the Cr(III) ions initial concentration and the Methyl Cholate is a better carrier than the Resorcinarene for the facilitated transport of these species ions from concentrated acidic media. The histogram in Figure  5 shows the evolution of permeability P depending on the carrier and the source phase acidity. Table 4 , the plots
From the data in
were drawn according to Equation (14) , linear segments were obtained for the three studied acidities (Figure 6 ).
Slopes  
p and intercepts calculated from these linear segments, were used in the expressions of Equation (15), and the apparent diffusion coefficients D * and association constants K ass were determined at the three studied acidities. The obtained results, summarized in Table 5 confirm that the microscopic parameters D * and K ass are inversely correlated and that the association constant K ass increases with acid concentration in the source phase.
OO
The obtained values for these parameters D * and K ass , show that for this new SLM, stability and diffusion of the complex (TS) formed in the organic phase, are lower than those of the obtained complex for the previous SLM. This result clearly indicates that carrier nature is essential for better facilitated transport. The results for both studied SLMs. show that this membrane type is very effective for the facilitated transport of Cr(III) ions, the carrier nature and the medium acidity, greatly influence the evolution of microscopic parameters D * and K ass . The histogram in Figure 7 , shows that there is a clear relationship between K ass and D * , the methyl cholate agent is the best carrier and that the medium acidity is a determining factor for the facilitated transport and therefore the extraction of Cr(III) ions by SLMs.
On the other hand, high values of apparent diffusion coefficients D * , indicate that the migration of the complex (Substrate-Carrier) through the organic phase is not a pure diffusion movement, and further studies are needed to elucidate the real movement of this complex through the SLM.
Influence of the Medium Temperature
To study the temperature influence on all parameters related to facilitated transport of this substrate through the (SLM)s, we performed the same experiments using the most efficient membrane in good conditions   0.01 M MC  and pH = 2, The graph in Figure 8 , shows the evolution of a few lines on the representation of the function , for different studied temperatures, we find that the kinetic model established for the facilitated transport of Cr(III) ions, for which we consider the diffusion of substrate-carrier complex
ST is the rate determining step, is well verified for all tested temperatures.
The Table 6 includes all values of macroscopic parameters P and J 0 , determined for temperatures ranging from 288 to 303 K. Data in this table show that the temperature factor is essential for the facilitated transport of substrates across these membranes type (SLM)s, and an increase in temperature from 288 to 303 K, the permeability parameter has almost doubled.
This important influence of temperature is related certainly to increased reaction rates for formation and dissociation substrate-carrier complex , and therefore to decrease the stability of this complex in the SLM organic phase. To determine the influence of this factor on the evolution of parameters K ass and D * , we plotted the functions
, for various studied temperatures. The lines in Figure 9 , clearly show that the experimental results verified the proposed mechanism, there is a clear influence of temperature factor on the evolution of these microscopic parameters K ass and D * , and an increase in temperature resulted in a decreased of the substrate-carrier complex stability , and consequently a large increase in the apparent diffusion coefficient
, concerning the movement of this complex through the SLM organic phase.
Slopes   p and intercepts calculated from these linear segments, were used in the expressions of Equation (15), coefficients D * and association constants K ass were determined for all studied temperatures. Data in Table 7 , confirm that the microscopic parameters D * and K ass are inversely correlated and the association constant K ass decreases slightly when the temperature varies from 288 to 303 K, whereas for the same variation of this factor (temperature), the apparent diffusion coefficients D * has doubled.
OO
This important evolution of the apparent diffusion coefficient D * as a temperature function (Figure 10) , and the activation parameters values determined in subsequent experiments, allow to specify the movement nature of the substrate through the SLM organic phase, and to explain the high permeability of such membranes for facilitated transport of these ions. Indeed these activation parameters values are related to the formation-dissociation equilibrium on the substrate-carrier complex   ST , at the interfaces and within the organic phase of the studied SLM.
Experimental Determination of Activation Parameters
The Table 6 and are depicted graphically in Figure 11 .
As the data given in Table 6 show, the parameters P and J 0 on facilitated transport of Cr(III) ions are strongly dependent on temperature. Indeed, these results show that the variation of the temperature factor causes a large change in values of initial fluxes, the graph in Figure 11 shows that this flux decreases linearly with the higher inverse of temperature; this fact is confirmed by the very high determination coefficient (r 2 = 0.99). Therefore, in accordance with Equation (17) (18) and (19 movement within the membrane is not a simple diffusion phenomenon, controlled by a concentration gradient at the SLM interfaces. Therefore, the movement associated with the passage of the substrate through the SLM, is in a series of reactions (formation/ dissociation), and by successive jumps of the substrate from one carrier to another. Various studies [34, 38] , show that the supported liquid membranes are very effective for the facilitated transport of some organic compounds (sugars, organic acids) and can be fully operational for the separation of these compound mixtures. Indeed, the parameters K ass and D * , evolve in reverse and we see that very low values of the constant K ass , correspond to high values of apparent coefficients D * , this important result shows that these high values of the coefficients D * do not certainly reflect a pure diffusion movement of the complex through the SLM organic phase. On the other hand, recent studies [39] [40] [41] for the facilitated transport of metal ions or organic molecules by this type of membranes, clearly confirm this high values of the coefficients D * and explain this result by the movement nature of the substrate S through SLM organic phase during its migration from source phase to receiving phase.
 
ST
Conclusion
Two supported liquid membranes (SLM) are prepared with the same polymer support (PVDF), the same organic phase (toluene) and two different carriers (Methyl Cholate and Resorcinarene), these two membranes are used to the facilitated transport of Cr(III) ions from concentrated acidic environments. The experimental results verify the proposed kinetic model, which is used to determine the macroscopic parameters, permeabilities P ).
T: temperature (K or ˚C). t: time (s).
V: volume of the receiving compartment (cm 3 ).
